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ABSTRACT 
 
 
 
 
This study investigates the extraction of castor oil using supercritical carbon 
dioxide (SC-CO2). The response surface methodology (RSM) was employed to show 
explicitly the influence of the process parameters such as temperature, pressure and CO2 
flow rate on the oil yield using the Box-Behnken design. The linear terms of pressure, CO2 
flow rate and temperature, and the quadratic terms of temperature, pressure and CO2 flow 
rate had a significant effect on the oil yield. The maximum oil yield obtained from the 
mathematical model was predicted to be 9.29% under the conditions of temperature at 
63.7 °C and pressure of 29.9 MPa with CO2 flow rate of 4.15 mL/min. Comparing the oil 
yield with the conventional soxhlet extraction, yields of 59.8%, 52.3% and 49.9% were 
obtained using ethanol, n-hexane and petroleum ether as solvents for optimized average 
particle sizes and extraction times of 1.30 mm and 2.88 h, 1.26 mm and 2.65 h and 1.25 
mm and 2.55 h, respectively. In addition, the solubility of castor oil was measured at 
temperatures ranging from 313 to 335 K, and pressures 20 to 36 MPa, respectively. The 
measured solubilities ranged from 1.00 × 10
−3
 to 4.88 × 10
−3
 g of oil/g of CO2. The 
measurements confirmed that temperature and pressure have direct effects on solubility-
enhancement factors. Five semi-empirical models were tested for correlating the 
experimental data from SC-CO2 extraction: the Chrastil, Del Valle Aguilera (VA), Bartle, 
Kumar and Johnston (KJ) and Mendez-Santiago and Teja (MST) models. The solubilities 
from these models had the following average absolute relative deviations (AARD%) from 
experimental data: 0.05% (Chrastil), 0.30% (VA), 0.38% (Bartle), 5.98 % (KJ) and 28.5% 
(MST). Thus, the Chrastil, VA and Bartle models correlated to the castor oil solubility 
data with the lowest AARD%. The physico-chemical properties of the seed oil extracted 
using the SC-CO2 and soxhlet methods were determined. Palmitic, stearic, oleic, linoleic, 
linolenic and ricinoleic acids were identified by gas chromatography-mass spectrometry 
(GC-MS) analysis after the formation of fatty acid methyl ester (FAME). For oxidation 
stability, castor oils derived from these extraction methods were heated in an oven at 70 
°C for 0–12 weeks. The quality and oxidative stability of oil recovered by SC-CO2 were 
generally found to be better than that recovered by the soxhlet method. In addition, the 
parameters considered in this study, namely peroxide value, refractive index, pH, 
conductivity, acid value and free fatty acid offer an appropriate tool for evaluating the 
quality of castor oil during storage as well as its oxidative stability; the study also sheds 
light on the different responses of castor oil during storage. 
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ABSTRAK 
 
 
 
 
Kajian ini meneliti pengekstrakan minyak kastor menggunakan karbon dioksida 
lampau genting (SC-CO2). Kaedah gerak balas permukaan menggunakan reka bentuk Box-
Behnken digunakan untuk menunjukkan dengan jelas pengaruh parameter proses seperti 
suhu, tekanan dan kadar alir CO2 ke atas hasil minyak. Pekali linear dan kuadratik bagi 
suhu, tekanan dan kadar alir CO2 mempunyai kesan ketara ke atas hasil minyak. Hasil 
minyak maksimum yang diperoleh daripada model matematik dijangkakan sebanyak 
9.29% pada keadaan suhu 63.7 °C dan tekanan 29.9 MPa dengan kadar alir CO2 4.15 
mL/min. Membandingkan hasil minyak dengan kaedah pengekstrakan soxhlet 
menggunakan etanol, n-heksana dan petroleum eter sebagai pelarut, hasil sebanyak 59.8%, 
52.3% dan 49.9% diperoleh untuk saiz zarah dan masa pengekstrakan masing-masing 1.30 
mm dan 2.88 jam, 1.26 mm dan 2.65 jam, dan 1.25 mm dan 2.55 jam. Selain itu, 
kebolehlarutan minyak diukur pada suhu di antara 313 hingga 335 K, dan tekanan 20 
hingga 36 MPa. Kebolehlarutan adalah di antara 1.00 × 10
-3
 hingga 4.88 × 10
-3
 g minyak/g 
CO2. Pengukuran mengesahkan bahawa suhu dan tekanan mempunyai kesan langsung ke 
atas faktor peningkatan kebolehlarutan. Lima model separa empirik telah diuji untuk 
menghubungkaitkan data ujikaji daripada pengekstrakan SC-CO2: model Chrastil, Del 
Valle Aguilera (VA), Bartle, Kumar dan Johnston (KJ), dan Mendez-Santiago dan Teja 
(MST). Kebolehlarutan diperoleh daripada model mempunyai sisihan relatif mutlak purata 
(AARD%) berikut: 0.05% (Chrastil), 0.30% (VA), 0.38% (Bartle), 5.98% (KJ) dan 28.5% 
(MST). Oleh itu, model Chrastil, VA dan Bartle dapat dikaitkan dengan data 
kebolehlarutan minyak kastor dengan AARD% terendah. Sifat fiziko-kimia minyak 
diekstrak menggunakan SC-CO2 dan kaedah soxhlet ditentukan. Asid palmitik, stearik, 
oleik, linoleik, linolenik dan risinoleik dikenalpasti melalui analisis kromatografi gas- 
spektrometri jisim (GC-MS) selepas pembentukan asid lemak metil ester (FAME). Untuk 
kestabilan pengoksidaan, minyak kastor diperoleh daripada kaedah-kaedah pengekstrakan 
telah dipanaskan di dalam ketuhar pada 70 °C selama 0-12 minggu. Kualiti dan kestabilan 
pengoksidaan minyak yang diperoleh dengan SC-CO2 secara umumnya didapati lebih baik 
berbanding kaedah soxhlet. Di samping itu, parameter yang dipertimbangkan dalam kajian 
ini iaitu nilai peroksida, indeks biasan, pH, kekonduksian, nilai asid dan asid lemak bebas 
bersesuaian untuk menilai kualiti minyak semasa penyimpanan serta kestabilan 
pengoksidaan; kajian ini memberikan gambaran perubahan sifat minyak kastor semasa 
penyimpanan. 
